C hlamydia trachomatis (Ct) is the most common notifiable sexually transmitted infection (STI) in the United States with more than 1.5 million new Ct infections reported annually. The rate has increased every year since 2013, and the most recently reported rate of 497.3 cases per 100,000 persons is the highest ever reported to the Centers for Disease Control and Prevention in US history. 1 Untreated Ct infection can increase a woman's risk of acquiring HIV and can cause pelvic inflammatory disease, which is a major cause of infertility, ectopic pregnancy, and chronic pelvic pain. 2, 3 Furthermore, the odds of pelvic inflammatory disease are 4-to 6-fold higher after 2 (odds ratio [OR], 4.0, 95% confidence interval [CI], 1.6e9.9) and 3 or more (OR, 6.4, 95% CI, 2.2e18.4) Ct infections compared with the initial infection; and the odds of ectopic pregnancy are 2-to 4-fold higher after 2 (OR, 2.1, 95% CI, 1.3e3.4) and 3 or more (OR, 4.5, 95% CI, 1.8e5.3) Ct infections. 4 Although reinfection can be prevented by prompt treatment of both patients and their partners, 20% of treated female patients are reinfected with Ct within a year after treatment. 5 Despite the record rates of Ct incidence in the United States and significant reproductive morbidity, state and local funding for STI prevention has dropped, leading to clinic closures, fewer services, and less access to care. 1 Addressing rising Ct incidence rates in an environment of fewer public health resources requires a multipronged approach, including more effective treatment strategies like expedited partner therapy (EPT). EPT is a treatment option that allows health care providers to treat the sexual partners of index patients diagnosed with an STI without medically evaluating the partners. It has been shown to decrease Ct reinfection among index patients and increase treatment of sex partners. 6 Additionally, randomized control trials have reported that EPT reduces Ct reinfection more than unassisted patient referrals. 7, 8 EPT can be given as medication or in the form of a physical prescription. 9 Although more common, prescription-EPT involves numerous steps to treat the sexual partner. A continuum of 7 steps for complete implementation of prescription-EPT has been proposed by 10 which includes the following: (1) index patient treated by EPT-utilizing provider; (2) index patient offered prescription-EPT by provider; (3) index patient accepts prescription-EPT; (4) index patient gives the physical prescription-EPT to sexual partner(s); (5) sexual partner(s) receives and fills the prescription at a pharmacy; (6) sexual partner(s) pays for the medication; and (7) sexual partner(s) ingests the medication.
The provider does not establish a relationship with the partner. This prescription-EPT continuum highlights the pivotal role of pharmacies and pharmacists in successful EPT utilization. Physical access to pharmacies is necessary. In addition, many states that have legalized EPT do not require the provider to write the partner's name on the prescription and instead accept EPT written on the prescription. 11 Thus, pharmacists must be knowledgeable about EPT. However, there is a paucity of literature on pharmacy-level barriers to EPT.
The purpose of this study was to identify barriers along the prescription-EPT continuum. Specifically, our primary objective was to determine whether there was a relationship between pharmacy access and Ct incidence. Secondary objectives included the use of geographic information systems (GIS) to organize, visualize, and analyze geographic pharmacy data and an assessment of pharmacists' knowledge and practices of filling EPT prescriptions for Ct infections. We hypothesized that low pharmacy access and lack of awareness of EPT among pharmacists are barriers to effective implementation of prescription-EPT.
Materials and Methods

GIS mapping and spatial analyses
Lists of licensed retail pharmacies were obtained from Evergreen Health's Maryland Pharmacy Directory and the Maryland State Board of Pharmacy. 12, 13 Pharmacy access was measured 2 ways: pharmacy density and pharmacy desert.
First, pharmacy density was assessed both qualitatively and quantitatively. We used ArcGIS 10.4.1, a geographic information system, to map the distribution of Baltimore, MD, pharmacies located within the highest Ct incidence areas (1180.25e4255.31 per 100,000 persons), which were up to 9-fold higher than the national average (497.3 per 100,000).
14, 15 We assigned latitude and longitude coordinates to pharmacy addresses using the ArcGIS Online Geocoding Service. We created a heat map of Baltimore pharmacies using kernel density estimation to qualitatively compare pharmacy density. Then we calculated the number of pharmacies per 100,000 persons in each ZIP code area to quantitatively compare pharmacy density.
Second, we identified pharmacy deserts. We calculated the percentage of each census tract that was within walking distance (within .5 miles) to a pharmacy using tabulate intersection in ArcGIS. We followed the US Department of Agriculture's Food Access Research Atlas definition of a pharmacy desert based on the following 3 conditions: (1) 33% or more of a census tract was not within walking distance of a pharmacy; (2) had low vehicle access, which was defined as more than 100 households without a vehicle; and (3) was considered low income, which was defined as a median income less than 80% of Baltimore's median income or, if more than 20% of households, had an income under the federal poverty level. 16 All 200 Baltimore City census tracts, not just areas with high Ct incidence, were included in the spatial analysis. Census tract demographic and economic data from the 2011e2015 American Community Survey conducted by the US Census Bureau were used. 17 
Telephone interviews
EPT became legally permissible on June 1, 2015, for Ct infection in Maryland, and regulations addressing the implementation of EPT for health care providers were adopted on March 28, 2016. 18, 19 We conducted a telephone interview of retail pharmacies located within Baltimore ZIP codes with the highest Ct incidence from March through June 2017. Some ZIP code areas extended past the geographic boundary of the city, and pharmacies located within these areas were retained.
The telephone interview questions were based on surveys in the literature regarding prescription sales practices in retail pharmacies. 20 The interviews were designed to be answered by any pharmacist, but we requested to speak to the supervising pharmacist. We attempted to contact pharmacies up to 3 times. The study was deemed exempt by the Johns Hopkins University School of Medicine Institutional Review Board.
Data analysis
The highest quartile of Ct incidence (1180.25e4255.31 per 100,000 persons) was used as the cutoff to create a high Ct incidence variable, which was applied to each census tract. Wilcoxon rank sum tests were used to assess the relationship between pharmacy density and Ct incidence and to determine whether there were differences in demographics between pharmacy deserts and nonepharmacy deserts. Logistic regression was used to describe the relationship between minority populations (ie, non-Hispanic black and Hispanic or Latino) and pharmacy desert. We divided census tracts into 3 groups: (1) tracts that were mostly (more than two thirds) comprised of minorities; (2) tracts that had similar populations (between one third and two thirds) of nonHispanic whites and minorities; and (3) tracts that were mostly non-Hispanic white (less than one third minorities). The results were reported as odds ratios and 95% confidence intervals.
We assessed whether income was associated with pharmacy access using both measures of access: density and desert. Pearson's correlation coefficient and Wilcoxon rank sum were used to determine whether there was an association between median income and pharmacy density and pharmacy desert (without income criterion), respectively.
Spearman's correlation coefficient was used to measure the association between medication cost and census tract characteristic (absolute Ct incidence rate, income, and pharmacy density).
We calculated response frequencies for all survey questions to determine the 
Results
Pharmacy access
High Ct incidence census tracts had a lower median pharmacy density than other census tracts (26.9 per 100,000 vs 31.4 per 100,000, P < .001), which is demonstrated in the heat map (Figure 1 ). These high Ct incidence tracts were mostly inhabited by minorities compared with non-Hispanic whites (93.7% vs 6.3%, P <.001). Approximately a third of Baltimore (33.9%) was not within walking distance to a pharmacy, and 12.5% of census tracts (25 of 200) were considered pharmacy deserts (Figure 2 ). These pharmacy deserts had a larger percentage of minorities compared with non-Hispanic whites (93.1% vs 6.9%, P ¼ .021). The median Ct incidence rate for pharmacy deserts trended higher compared with nonepharmacy deserts (1170.0 per 100,000 vs 1094.5 per 100,000, P ¼ .110) but was not statistically significant.
Census tracts that were mostly comprised of minorities had a 2-fold higher odds of being a pharmacy desert (OR, 2.2, 95% CI, 0.61e7.87) compared with census tracts that were mostly nonHispanic white. Census tracts that had similar proportions of minorities and non-Hispanic whites had a 60% higher odds of being a pharmacy desert (OR, 1.6, 95% CI, 0.33e7.60) compared with census tracts that were mostly nonHispanic whites.
Median income was similar between census tracts with low pharmacy access defined either using density (r s ¼ . 
Telephone survey
Five pharmacies from the 57 pharmacies identified in ZIP code areas with high Ct incidence were excluded from the telephone interview because they were no longer in business or located within an institution not open to the public such as a nursing facility. A total of 52 pharmacies were contacted, and 96% (50 of 52) responded to our survey. The survey lasted a median of 7 minutes (range, 3e25 minutes).
Most pharmacists (70%, 35 of 50) were supervisors practicing in chain pharmacies (52%, 26 of 50). Chain pharmacies were defined as pharmacies located in corporate drug stores, grocery stores, medical clinics, and other institutions. Less than a fifth of pharmacists (18%, 9 of 50, Figure 3) were aware of EPT as a treatment option, and 12% (6 of 50) knew EPTwas legal in Maryland. Only 3 pharmacists (6%, 3 of 50) reported having received an EPT prescription at their current pharmacy, and they had received only one.
The majority of pharmacists (84.1%, 37 of 44) reported that the age of the partner (eg, 14 years) would not affect their decision to fill an EPT prescription and most (74.5%, 35 of 47) did not require identification to fill the prescription. The median cost of a single dose of azithromycin (1 g) for partners paying without insurance was 30 USD (range, 5.00e39.99 USD).
There was no association between the cost of azithromycin and Ct incidence rate (r s ¼ .122, P ¼.600), median income (r s ¼ .143, P ¼ .537), or pharmacy density (r s ¼ .150, P ¼ .517). Greater than 58% of pharmacists (27 of 46) confirmed they would fill an EPT prescription, and an additional 17.4% (8 of 46) said they would as long as it was permitted by their manager.
Most pharmacists (81.6%, 40 of 49) were interested in receiving additional educational information, and 72.7% of them (32 of 44) agreed to share the material with their staff. There was no significant difference in EPT knowledge between pharmacists practicing in chain pharmacies and pharmacists practicing in independent pharmacies (23.1% vs 12.5%, P ¼ .467). Independent pharmacies were more likely to report that they required identification to fill a prescription than chain pharmacies (33.8% vs 4.17%, P ¼ .005). There was no significant difference in the knowledge of EPT between supervising pharmacists and nonsupervising pharmacists (14.3% vs 26.7%, P ¼ .432).
Comment
Our analysis identifies geographic pharmacy access, EPT awareness, and cost as potential barriers in the prescription-EPT continuum. Limited geographic access to pharmacies may prevent effective utilization of EPT. Areas in Baltimore with the highest Ct incidence rates have the potential to benefit the most from EPT, which helps decrease reinfection and further transmission. However, these areas have significantly lower pharmacy density, leading to possible difficulties in accessing medication or filling EPT prescriptions for those most in need of treatment.
The heat map depicts a hot spot of pharmacies concentrated in the center of Baltimore, which is an area that does not have the highest Ct rates. Notably, the 
Kernel density of pharmacies in Baltimore City
Geospatial access to pharmacies are depicted by the kernel density of pharmacies in Baltimore City. areas with the highest rates of Ct infection surround the periphery of the hot spot, and they have a much lower pharmacy density. Fewer pharmacies may translate to fewer pharmacists willing to fill the prescription or fewer options for affordable medication.
Patients living in pharmacy deserts may experience greater difficulty in accessing treatment. We expected areas defined as pharmacy deserts to have higher Ct rates because persons living in that area may find it difficult to access prompt treatment and avoid infecting new partners. The association between pharmacy deserts and high Ct incidence rate only trended toward significance.
We also found that pharmacy deserts were associated with increased black and Hispanic or Latino populations but was not associated with income. Additionally, the larger the minority population in a census tract, the more likely the census tract was a pharmacy desert. This conclusion is consistent with Qato et al, 21 who found that pharmacy deserts are more prevalent in predominantly minority neighborhoods. This association is concerning because black and Hispanic or Latino populations are disproportionately affected by Ct, which is the most common notifiable STI targeted by EPT. 22 Inadequate pharmacy access may impede treatment of infections, potentially maintaining high STI prevalence and increasing the likelihood of further transmission in these communities.
Lack of pharmacist awareness may also pose a barrier to implementation of EPT. Passage of legislation is only the first step in using EPT for STI reduction 23 because clinicians and pharmacists must then implement EPT. Less than a fifth of pharmacists in Baltimore were aware of EPT as a treatment option for sexual partners, and only 12% knew EPT was legal in Maryland.
This finding is consistent with those of Reid et al, 24 who also found low levels of knowledge and familiarity with EPT law and infrequent receipt of EPT prescriptions among New York City pharmacists 2 years after regulations were adopted. Maryland's recent adoption in 2015 may be one of the contributing factors to the lack of knowledge among pharmacists regarding EPT, and time alone might increase awareness.
Despite their low level of awareness of EPT, most pharmacists were interested in learning more about EPT, willing to share information about EPT with other pharmacists, and confirmed that they would fill an EPT prescription. This illustrates the importance of disseminating educational material related to EPT.
Although uncommon, some pharmacists reported identification card and age requirements for partners trying to fill a prescription. Whereas identification card and age requirements may align with a pharmacy's policy for other medications such as opioid analgesics, 
Pharmacy access in Baltimore City
Geospatial access to pharmacies are depicted by pharmacy deserts with areas with the highest Ct incidence rate denoted (top graph), pharmacy density per 100,000 (middle graph), and Ct rate per ZIP code (bottom graph). Some areas in the bottom graph look different from the other graphs because the ZIP code shapefiles did not include the body of water like census tract shapefiles. ajog.org
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there are no requirements under Maryland law for prescription-EPT, emphasizing the need for pharmacist-specific educational materials to dispel misconceptions.
25
Cost can also deter partners without insurance or not willing to use their insurance from accessing EPT. In 2016, 6.0% of Maryland's population was without insurance, and 28.1 million people or 8.8% of the population nationally were without health insurance. 26, 27 The proportion of uninsured minority populations in Maryland was even higher at 23.6%, which is an important finding, given the higher STI burden in minority populations.
In addition, partners may not use their health insurance to pay for STI treatment for confidentiality reasons. 28 We found a wide range in cost for 1 dose of azithromycin (5.00e39.99 USD). With a relatively high median cost of 30 USD, azithromycin may be unaffordable because 5 of the 7 ZIP code areas with high Ct incidence rates are low-income neighborhoods. Uninsured partners that attempt to fill an EPT prescription in a higher charging pharmacy might decide against paying for and receiving the treatment. Without the option of other nearby pharmacies, a partner may decide to forgo the treatment altogether.
Our study has inherent limitations that should be considered. Self-reported data from the supervising pharmacist or pharmacist on shift may be affected by recall bias and may differ from the experiences of other pharmacists at that location. These findings may not be generalizable in pharmacies outside a high STI burden area. Medication costs are for sexual partners without insurance or those who choose not to use their insurance because we could not account for the cost of medication co-pays because differing insurance plans may have different co-pays.
The Ct incidence rate in Baltimore was available only for each ZIP code area, so ZIP code data were matched with the corresponding census tract. This assignment of census tract to ZIP code area followed geographic relationships outlined by the US Census Bureau. 29 We similarly reassigned data for pharmacy density per ZIP code area to the corresponding census tract. Census tracts covered too little area to obtain meaningful data related to pharmacy density. We consider our finding a possible underestimate because the census tract shapefiles include bodies of water. Areas that included waterways but were also considered pharmacy deserts had lower Ct rates and could have underestimated the association between pharmacy deserts and Ct rate. The current study has clinical implications with respect to identifying barriers in large urban areas similar to Baltimore that need to be addressed for EPT to prevent reproductive morbidity. Our findings suggest the need for wide dissemination of educational material targeted to pharmacists. Variance in cost of EPT medication for uninsured patients highlights a potential need for cross-collaboration between institutions, health insurance companies, and the health department to help reduce the cost of EPT.
In areas with limited geographic access to pharmacies, programs that do not depend on partners physically accessing a pharmacy merit consideration like medication-EPT that includes clinic dispensing or mail delivery of antibiotics should be explored. In addition, because pharmacists report receiving few EPT prescriptions, unfamiliarity with EPT may extend to clinicians who could prescribe EPT. Additional educational materials for those clinicians may also improve the utilization of EPT.
Conclusion
Limited geographic access to pharmacies, lack of pharmacist awareness of EPT, and wide variation of the cost of EPT medication are barriers to prescription-EPT. Lack of awareness can be addressed by additional training for pharmacists, who generally are willing to accept EPT prescriptions after receiving information. Areas with more complicated barriers to surmount, such as low access to pharmacies and few options for affordable medication, warrant consideration of approaches that do not depend on existing pharmacy infrastructure, such as medication-EPT that includes clinic dispensing or mail delivery. n
